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PRELIMINARY AMENDMENT 



Hon. Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Prior to examination of the above-identified patent application, please amend the 
application as follows: 



IN THE SPECIFICATION : 

Page 3, line 3, change "dgl," to ~dgj,~ and "dbi" to -dbk~. 

Page 8, line 24, after "K to B." insert --The point 14 shown in Fig. 4, for 
instance, corresponds to a point (0, 5) in Fig. 5. Also, the point 17 shown in Fig. 4 
corresponds to a point (10,0) in Fig. 5.--. 

Page 9, line 8, change "CO" to ~B0~. 



Page 1 0, line 21 , change "(K4, B4)" to -(K5, B5)~. 
Page 1 8, line 28, delete "either"; 

line 29, after "or" insert -reference table values are established by 
taking the CMYK values Cijk, Mijk, Yijk and Kijk obtained-. 

Page 1 9, line 1 , change "SUM, respectively. "to -SUM.-; 

lines 27-30, change "(T - K1 UK)" to -(T - K1 ijk)~. 
Page 20, line 12, change: 

"d = ((dri - drk)2 + (dgi - dgk)^ + (dbi - dbk)^) —- (6)" 

to read 

- d = ((dri - drK)' + (dgj - dgK)' + (dbk - dbK)') — (6)-. 

IN THE DRAWINGS : 

Please approve the amendments to Figs. 12 and 14 as marked-up in red on the 
attached drawing copies. 

IN THE CLAIMS: 

Please amend claims 2-4 as follows: 

2. (Amended) A method of color correction for an image-outputting device for 
outputting an image using a combination of a plurality of coloring materials each having 
different constituent material, said method of color correction for an image-outputting 
device comprising: 



- 2 - 



a) a glossiness obtaining step for obtaining glossiness of a mono-color 
output produced individually with each said coloring material; 

b) a glossiness estimation step for estimating glossiness, for a case 
where two or more of said coloring materials are mixed, by using the glossiness obtained 
for each of said coloring materials; 

c) a first relation obtaining step for obtaining a relation between amount 
of said coloring material used for said mono-color output and the glossiness; 

d) a second relation obtaining step for obtaining a relation between a 
total amount of said mixed coloring materials [used for said mixed color output] and the 
g lossiness estimated in said glossiness estimation step ; 

e) a third relation obtaining step for obtaining a relation between a 
mixing ratio of said mixed coloring materials [used for said mixed color output] and the 
glossiness estimated in said glossiness estimation step ; and 

f) a coloring material combination determining step for determining a 
combination of said coloring materials with respect to variation of glossiness based on the 
relations obtained in said first through third relation obtaining steps. 

3. (Amended) A method of color correction for an image-outputting device for 
outputting an image using a combination of four primary printing colors of cyan, magenta, 
yellow and black, said method of color correction for an image-outputting device 
comprising: 

a) a glossiness obtaining step for obtaining glossiness of a mono-color 
output produced individually with said coloring materials; 

b) a glossiness estimation step for estimating glossiness, for a case 
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where two or more of said coloring materials are mixed, by using the glossiness obtained 
for each of said coloring materials; 

c) a first relation obtaining step for obtaining a relation between amount 
of said coloring material used for said mono-color output and the glossiness; 

d) a second relation obtaining step for obtaining a relation between a 
total amount of said mixed coloring materials [used for said mixed color output] and the 
glossiness estimated in said glossiness estimation step : 

e) a third relation obtaining step for obtaining a relation between a 
mixing ratio of said mixed coloring materials [used for said mixed color output] and the 
glossiness estimated in said glossiness estimation step : 

f) a coloring material combination determining step for determining a 
combination of said coloring materials with respect to variation of glossiness based on the 
relations obtained in said first through third relation obtaining steps; and 

g) a black mixing amount determination step for determining a mixing 
amount of black according to said determined combination. 

4. (Amended) A method of color correction used in outputting a color image 
on a recording paper by superposing a plurality of coloring materials, said method of color 
correction being characterized by controlling a total amount of said coloring materials, and 
comprising the steps of: 

obtaining individual amounts of said coloring materials composing the color 

image; 

obtaining the total amount of said coloring materials from the individual 
amounts of said coloring materials; 
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adjusting the total amount of said coloring materials into a matcli with a 
threshold and adopting the threshold as a reference table value, if the threshold in the 
reference table value is smaller than the total amount of said coloring materials; and 

adopting the total amount of said coloring materials as it is, as a reference 
table value, if the threshold is greater than the total amount of said coloring materials. 

REMARKS 

Prior to the examination of the above-identified application, Applicants submit the 
foregoing Preliminary Amendment so as to revise the specification and pending claims to 
more particularly claim the subject matter of the present invention. No new matter has 
been added. 

Respectfully submitted, 
McDERMOTT, WILL & EMERY 

Date: il/z^Jiro 

600 13th Street, N.W. , Suite 1200 
Washington, D.C. 20006-3096 
Telephone: (202) 756-8000 
Facsimile: (202) 756-8087 

WDC99 354472-1 043890.0464 



By: 



Michael E. F 
Registratio 
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DESCRIPTION 



COLOR CORRECTING METHODJOFJMAG^ 



Technical Field 

The present invention relates to a color correcting method of image- 
outpntting device that control an influence of glossiness of a manuscript paper as 
well as an influence of glossiness due to difference of coloring materials, in the 
color image -outputting device. 

Background Art 

Image-outputting devices that produce color images have been used in recent 
years. An image-outputting device of the prior art for producing color images 
will be described hereinafter. 

Fig. 1 is an architectural drawing showing an image-outputting device. 

The image-outputting device comprises: 

a color display 1 for displaying a color image; 

a computer 2 for receiving a command, and transferring a data signal 
of a color image to be printed; and 

a color printer 3 for receiving the data signal of the color image, and 
producing a print. 
Color images are thus printed according to the above architecture. 
Fig. 15 is a block diagram depicting a color-correction processor unit of the 
prior art, in which a color-correction process is performed on a color image data 
signal. 

The color-correction processor unit shown in Fig. 15 comprises: 

density converter circuits 49, 50, and 51 for converting an RGB image 

data (Red Green Blue image data) into density data Dr, Dg, and Db; 

a color-correction processor circuit 52 for converting the RGB density 

data Dr, Dg, and Db into data for cyan (hereinafter referred to simply as 
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"C"), magenta (hereinafter referred to simply as "M"), yellow (hereinafter 
referred to simply as "Y"), and black (hereinafter referred to simply as 
"K") used for color reproduction by the printer; and 

a gradation modulator circuit 53 for modulating gradation. 
5 The color correction processor unit of the foregoing structure is built into the 

computer 2 or the color printer 3 of Fig. 1. 

A color-correction process in the color-correction processor unit of Fig. 15 is 
carried out by the three-dimensional reference table interpolation technique. The 
three-dimensional reference table interpolation technique is detailed in "New 
10 Volume of Color Science Handbook, Second Edition" (edited by the Color 
Science Association of Japan), page 1144, "4.4 Color Conversion by Table 
Interpolation". 

Fig. 16 is an expository drawing of the color correction process performed by 
the three-dimensional reference table interpolation technique. Fig. 16 shows an 

15 RGB density space 54. A cube representing the RGB density space 54 shows 
coverage of an entire color space input from the computer 2. This input color 
space is divided further into smaller cubes, as shown in Fig. 16. CMYK signals 
to be output corresponding to input RGB density signals are obtained from values 
in a CMYK output reference table for eight vertexes (lattice points) of the cube 

20 and weights given by individual distances between the eight vertexes of the cube 
and a coordinate point. CMYK data corresponding to RGB density values for the 
individual vertexes of the cube are saved in the reference table. 

A reference numeral 55 represents an input RGB density signal for a color 
image. 

25 A cube 56 divided within the RGB space 54 contains a coordinate point 55 of 

the input RGB density signals. Weights are obtained respectively from distances 
of the vertexes of the cube 56 and the coordinate point 55 of the input signals. 
CMYK signals to be output corresponding to the obtained input RGB density 
signals are derived from the reference table described above. The color printer 3 

30 prints out according to the obtained CMYK signals. 
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Here, the reference table used in the conventional color correction process has 
been prepared by obtaining CMYK values that most accurately reproduce colors 
of density signals dri, dgi, and dbi at the respective lattice points. In addition, for 
characters in black color, for which glossless finish is rather preferred, the 
5 reference table has been prepared so that it produces an output of only K toner 
having less glossiness as compared to toner of other colors. In this method, 
glossiness of individual toners of C, M, Y, and K have not been taken into 
consideration. 

It has always been desired so far that color images in manuscript documents 
10 are reproduced accurately when black characters are printed with a four-color 
printer. As a part of it, reproduction of glossless images has been desired. 

For this reason, K toner has been made to be such material that is capable of 
reproducing images glosslessly as compared with others, i.e. C toner, M toner, and 
Y toner. 

15 Hence, when black is printed, that is 

(R, G, B) = (0, 0, 0), 
then, CMYK densities are output as 

(C, M, Y, K) = (0, 0, 0, 255), 
where: 255 is the maximum density. 
20 Accordingly, characters are printed without glossiness because the K toner is 

of glossless material. 

In the conventional reference table, output of black color is made only for the 
glossless K toner. However, there is a problem that a steep increase appears in 
glossiness for other colors around the black in the color space due to an increase in 
25 amount of the C, M and Y toners in the proportion of UCR ratio. If a natural 
image is printed, a difference of glossiness becomes obvious upon comparison 
between a single color portion of the K toner and a mixed color portion of the 
other C toner, M toner, and Y toner. Therefore, fine looking images had not been 
obtainable. 

30 As described, there has been a problem that good quality images are not 
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obtainable by the method of color correction with the image-outputting device of 
the prior art, since the difference of glossiness appears due to the toner of various 
colors, when natural images are reproduced. 

Disclosure of Invention 

The present invention is intended to provide a method of color correction for 
image-outputting devices that can reduce difference of glossiness in image 
reproduction, and produce an excellent printing result. 

To achieve the above object, the method of color correction for an image- 
outputting device of this invention comprises: 

a) a first glossiness obtaining step for obtaining glossiness of a 
mono-color output produced individually with each of coloring materials; 

b) a second glossiness obtaining step for obtaining glossiness of a 
mixed-color output produced by combining two or more of the coloring 
materials; 

c) a first relation obtaining step for obtaining a relation between 
amount of the coloring material used for the mono-color output and the 
glossiness; 

d) a second relation obtaining step for obtaining a relation between 
total amount of the coloring materials used for the mixed-color output and 
the glossiness; 

e) a third relation obtaining step for obtaining a relation between a 
mixing ratio of the coloring materials used for the mixed-color output and 
the glossiness; and 

f) a coloring material combination determining step for determining 
a combination of the coloring materials with respect of a variation in 
glossiness based on the relations obtained in the first through the third 
relation obtaining steps. 

Accordingly, there can be obtained with the above steps the method of color 
correction for image-outputting devices capable of producing an excellent printing 
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result by reducing difference of glossiness in reproduction of images. 

Furthermore, the present invention is intended to control a total amount of 
coloring materials in a manner that comprises the steps of: 

obtaining an amount of each of the coloring materials that compose a 
color image; 

obtaining the total amount of the coloring materials from the individual 
amount of the coloring materials; 

comparing the total amount of the coloring materials with a threshold 
of reference table value; 

adjusting the total amount of the coloring materials into a match with 
the threshold and adopting it as a reference table value, if the threshold of 
the reference table value is smaller than the total amount of the coloring 
materials; and 

adopting the total amount of the coloring materials, as it is, as a 
reference table value, if the threshold is greater than the total amount of 
the coloring materials. 
It thus becomes possible to reduce the difference in glossiness of output 
images, since total amount of the coloring materials to be output can be adjusted 
with the foregoing steps. 

Brief Description of the Drawings 

Fig. 1 is an architectural drawing showing an image-outputting device; 

Fig. 2 is a coordinate diagram of toner amount that shows amounts of 
individual toners when making a change from K to C; 

Fig. 3 is a color patch diagram showing color patches for examination of 
glossiness corresponding to the coordinates of toner amount shown in Fig. 2; 

Fig. 4 is a three-dimensional coordinate diagram of toner amount that shows 
amount of individual toners when making a change from K to B; 

Fig. 5 is a two-dimensional coordinate diagram of toner amount drawn with 
the amount of K toner and a line segment shown in Fig. 4 as axes of the 
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coordinates; 

Fig. 6 is a color patch diagram showing color patches for examination of 
glossiness corresponding to the coordinates of toner amount shown in Fig. 5; 

Fig. 7 is a schematic illustration depicting the measurement principle of 
glossiness; 

Fig. 8 is a relational chart showing a relation of glossiness as measured on an 
isometric line of total amount of toner with respect to mixing ratio of K toner 
when making a change from K to B; 

Fig. 9 is a relational chart showing a relation of glossiness as measured when 
a mixing ratio of the K toner is one-half of a total amount of the toner with respect 
to the total amount of the toner in the case of making a change from K to B; 

Fig. 10 is a coordinate diagram of toner amount showing a combination of 
toners that can reproduce smoothly a variation of glossiness from K to B; 

Fig. 11 is a block diagram showing a color-correction processor unit of a third 
exemplary embodiment of this invention; 

Fig. 12 is a conceptual diagram showing concept of an removal process of 
under color; 

Fig. 13 is a relational chart showing a relation of UCR ratio with respect to 
the lowest density; 

Fig. 14 is a flow chart showing a process of operation according to a method 
of color-correction of a fourth exemplary embodiment; 

Fig. 15 is a block diagram depicting a color-correction processor unit of the 
prior art in that a color-correction process is performed on a color image data 
signal; and 

Fig. 16 is an expository drawing of the color correction process performed by 
the three-dimensional reference table interpolation technique. 

Description of the Preferred Embodiments 

Exemplary embodiments of the present invention will be described 
hereinafter with reference to accompanying figures. 
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(First Exemplary Embodiment) 

Fig, 1 is an architectural drawing showing an image-outputting device. 
The image-outputting device of this invention comprises: 
a color display 1 for displaying a color image; 
5 a computer 2 for receiving a command, and transferring a data signal 

of a color image to be printed; and 

a color printer 3 for receiving the data signal of the color image, and 
producing a print. 

This architecture is identical to an image-outputting device of the prior art. 

10 Color images are thus printed according to the above architecture. 

A method of examining glossiness will be described hereinafter, using an 
example, in which a change is made from K (black) to C (cyan). 

Fig. 2 is a coordinate diagram of toner amount that shows amounts of 
individual toners when making the change from K to C. In Fig. 2, an axis of 

15 ordinates 5 shows amount of the K toner, and an axis of abscissae 6 shows amount 
of the C toner. Directions of arrows in both axes indicate increase in amount of 
the toners. A point (0, 5) represents a coordinate point where amount of the K 
toner is its maximum and the C toner is zero, and a point (5, 0) represents another 
coordinate point where amount of the C toner is its maximum and the K toner is 

20 zero. Line segments 9 represent lines of total amount of toner, each indicating 
combinations, of which total amounts of toner are equal. Glossiness at each 
point of the coordinates of toner amount is obtained by printing a color patch 
shown in Fig. 3, and by measuring a glossiness of the color patch. Color of each 
square area differs from one another in Fig. 3. Each of color patches 4 is printed 

25 after determination of amounts of the K and C toners and the mixing ratio, in this 
instance. Color patches, with which the change from K to C can be studied, are 
composed as color patches of this exemplary embodiment, because glossiness of 
the K toner is low. 

In Fig. 3, a vertical direction shows amount of the K toner, and a horizontal 
30 direction shows amount of the C toner. The directions of arrows indicate 
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increase in amount of the toners in both directions. Fig, 3 is drawn in a 
corresponding manner with Fig. 2. Circular symbols marked in Fig. 2 are printed 
in the color patches of their corresponding positions in Fig. 3. Those circular 
symbols shown along the axis of abscissae 6 in Fig. 2, for instance, correspond 
5 with a KO line in Fig. 3, and the circular symbols shown along the axis of 
ordinates 5 in Fig. 2 correspond with a CO row in Fig. 3. Furthermore, a color 
patch (C3, K3) in Fig. 3 is printed to reflect a point (3, 3) in Fig. 2. 

Fig. 4 is a three-dimensional coordinate diagram of toner amount that shows 
amount of individual toners when making a change from K to B. In Fig. 4, an 

10 axis of ordinates 11 represents amount of the K toner, an axis 12 represents 
amount of the C toner, and an axis 13 represents amount of M toner. A direction 
of arrow in every axis indicates increase in amount of the toner. A point 14 
represents a coordinate point where amount of the K toner is its maximum value, a 
point 15 a coordinate point where amount of the C toner is its maximum value, 

15 and a point 16 a coordinate point where amount of the M toner is its maximum 
value. A point 17 represents a coordinate point where amounts of both the C 
toner and the M toner take their maximum values, that is to reproduce color of B. 
A point 18 represents an origin of the coordinates where amount of all toners is 
zero. A line segment 19 is a segment connecting the point 18 (origin of the 

20 coordinates) and the point 17 for the B. 

Fig. 5 is a two-dimensional coordinate diagram of toner amount drawn with 
the axis 11 for amount of the K toner and the line segment 19 shown in Fig. 4 as 
axes of the coordinates, which shows amounts of individual toners when making a 
change from K to B. In the like manner as in the case of Fig. 2, line segments 20, 

25 for instance, represent lines of total amount of toner, each indicating combinations, 
of which total amounts of toner are equal. Points shown by circular symbols are 
coordinate points representing combinations of individual toners to be printed in 
color patches. 

A vertical direction in Fig. 6 shows amount of the K toner, and a horizontal 
30 direction corresponds to the line segment 19 shown in Fig. 4. The directions of 
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arrows indicate increase in amount of the toner in both directions. Fig. 6 is 
drawn in a corresponding manner with Fig. 5. The circular symbols marked in 
Fig. 5 are printed in the color patches of their corresponding positions in Fig. 6. 
Those circular symbols shown along the axis of abscissae 19 in Fig. 5, for instance, 
5 correspond with a KO line in Fig. 6, and the circular symbols shown along the axis 
of ordinates 11 in Fig. 5 correspond with a CO row in Fig. 6. Furthermore, a 
color patch (B3, K3) in Fig. 6 is printed to reflect a point (3, 3) in Fig. 5. 

Individual color patches shown in Fig. 3 or Fig. 6 composed in the above- 
described manner are measured of their glossiness with a method shown in Fig. 7. 

10 Fig. 7 is a schematic illustration depicting the measurement principle of 

glossiness. In Fig. 7, light from a light source 22 is irradiated toward a 
measuring plane 23. The light is reflected within this area. An intensity of the 
light reflected off the measuring plane 23 is detected by a light receptor 24. 
Glossiness can be obtained from a ratio of the intensity of reflected light measured 

15 by the light receptor 24 with an intensity of reflected light from a glossiness 
reference plate, according to this measurement principle. 



(A first glossiness obtaining step and a first relation obtaining step) 
Using the method shown in Fig. 7, glossiness is measured. 

20 The color patches along the CO row are measured, in the case of those color 

patches shown in Fig. 3. In addition, the color patches along the KO line are 
measured. The foregoing steps can obtain a relation between amount and 
glossiness of a coloring material of a single color. 

In the case of the color patches shown in Fig. 6, the color patches along the 

25 BO row are measured. Furthermore, the color patches along the KO line are also 
measured. The foregoing steps give glossiness of a mono-color output produced 
with a single color for individual coloring materials. They can also give a 
relation between amount and glossiness of the coloring material of mono-color. 

30 (A second glossiness obtaining step and a second relation obtaining step) 
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The color patches other than the CO row and the KO line are measured in the 
case of the color patches shown in Fig. 3. This can give a relation between total 
amount of the coloring materials used for the mixed-color output and glossiness. 
The color patches other than the BO row and the KO line are measured in the 
5 case of the color patches shown in Fig. 6. This can give glossiness of the mixed- 
color output produced with a combination of two or more colors of the coloring 
materials. It can also give a relation between total amount of the coloring 
materials used for the mixed-color output and glossiness. 

Fig. 8 is a relational chart showing a relation of glossiness as measured on a 
10 line segment 203 among a plurality of lines of total amount of toner shown in Fig. 
5 with respect to mixing ratio of the K toner, when making the change from K to B. 
In Fig. 8, an axis 25 represents magnitude of the glossiness, and an axis 26 
represents mixing ratio in amount of the K toner to the total amount of toners. A 
characteristic curve 27 exhibits a change in measured glossiness. It is known that 
15 the glossiness decreases as the mixing ratio of the K toner increases. 

Fig. 9 is a relational chart showing a relation of glossiness as measured when 
a mixing ratio of the K toner is one-half of a total amount of the toners with 
respect to the total amount of the toners. Those of the color patches measured are 
(KO, BO), (Kl, Bl), (K2, B2), (K3, B3), (K4, B4), and (K4, B4) of Fig. 6. In Fig. 
20 9, an axis 28 represents magnitude of glossiness, and an axis 29 represents total 
amount of the toners. A point 30 is a coordinate point representing glossiness of 
a sheet of paper. A characteristic curve 31 exhibits a change in glossiness with 
respect to total amount of the toners. As shown in Fig. 9, the glossiness increases 
as the total amount of toner increases. 

25 

(A third relation obtaining step) 

A mixing ratio in amount of the K toner to total amount of the toners is 
determined, based upon the relation between glossiness and mixing ratio of the K 
toner to the total amount of toners shown in Fig, 8, and the relation between 
30 glossiness and the total amount of toners shown in Fig. 9, in order to smooth the 
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variation in glossiness from K to C. 

With regard to the mixing ratio, glossiness is measured after colors in 
vicinities of a dotted line between the point 14 and the point 17 shown in Fig. 5, 
for instance, are output with a printer. The mixing ratio, which makes the 
5 glossiness to vary smoothly, is then determined in relation to the glossiness in the 
vicinities. The result is shown in Fig. 10. That is, Fig. 10 is a coordinate chart 
of the toner amount, which shows combinations of toners that can reproduce 
variation in glossiness smoothly from K to B, In Fig. 10, a characteristic line 32 
represents the combinations of toners, which can reproduce the variation in 

10 glossiness smoothly from K to B. 

As described in relation to Fig. 5, the axis 11 represents amount of the K toner, 
and the point 14 indicates a coordinate point where amount of the K toner is of the 
maximum value. In addition, the point 17 represents a coordinate point, which is 
the case where amounts of both the C toner and the M toner take their maximum 

15 values, that is to reproduce the color of B. Furthermore, the point 18 represents 
an origin of the coordinates where amount of all the toners is zero. The line 
segment 19 is the segment connecting the origin point 18 of the coordinates and 
the coordinate point 17. 

In the same manner as described above for Fig. 2, 3, 4, 5, 6, 8, 9, and 10, 

20 other variations from K to M, from K to Y, from K to red (R), from K to green (G) 
are also printed on the color patches, and glossiness of the produced color patches 
are measured. Then, mixing ratios of the K toner to the total amounts of the 
toners are determined so as to smooth variation in glossiness from K to M, Y, K, R, 
G and B. 

25 

(Coloring material combination determination step) 

Lines representing combinations for the other cases from K to C, from K to M, 
from K to Y, from K to R, and from K to G are now obtained in a manner as 
described above, and a range of color reproduction by the color printer 3 is 
30 determined for each of the obtained lines of combination. Reference table values 
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to be used for the method of reference table interpolation shown in Fig. 16 are 
obtained from these combinations of the range of color reproduction, and used for 
the process of color correction. 

As has been described, the present exemplary embodiment is able to perform 
5 the color correction with consideration given on glossiness of the coloring 
materials, since it comprises: 

a) the first glossiness obtaining step for obtaining glossiness of the 
mono-color output produced individually with each of the coloring 
materials; 

10 b) the second glossiness obtaining step for obtaining glossiness of 

the mixed-color output produced by combining two or more of the 
coloring materials; 

c) the first relation obtaining step for obtaining a relation between 
amount of the coloring material used for the mono-color output and the 

15 glossiness; 

d) the second relation obtaining step for obtaining a relation between 
total amount of the coloring materials used for the mixed-color output and 
the glossiness; 

e) the third relation obtaining step for obtaining a relation between a 
20 mixing ratio of the coloring materials used for the mixed-color output and 

the glossiness; and 

f) the coloring material combination determining step for 
determining a combination of the coloring materials with respect of a 
variation in glossiness based on the relations obtained in the first through 

25 the third relation obtaining steps. 

Accordingly, a color image output of excellent look can be obtained by taking 
an effect of glossiness of the coloring materials, and reducing a difference in 
glossiness of the reproduced images. 

30 (Second Exemplary Embodiment) 
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A second exemplary embodiment of this invention is to estimate glossiness of 
mixed colors individually based on glossiness of each toner of single color used 
for printing C, M, and K, as opposed to the first exemplary embodiment of the 
invention, which is to produce color patches and measure glossiness in respect of 
5 variations from K to C, K to M, K to X K to R, K to G, and K to B. 

A method of color correction process in the second exemplary embodiment of 
this invention will be described hereinafter. 



(A glossiness obtaining step) 
10 Color patches 4 shown in Fig. 3 and 6 are printed only with single colors, 

using a color printer 3. Glossiness of toners of the single colors are measured 
with a glossimeter shown in Fig. 7. 

(A glossiness estimation step) 
15 With a measurement result, formulae (1) giving relations between amount and 

glossiness of the toners are obtained as: 
Gc = gc (mc) 
Gm = gm (mm) 
Gy = gy (my) 
20 Gk = gk (mk) 

where mc, mm, my and mk denote amounts of individual toners C, M, Y and 
K, and Gc, Gm, Gy and Gk denote respective glossiness of the C, M, Y and K. 

Using the formulae (1), an overall glossiness Ga is obtained in the case where 
amounts of individual toners C, M, Y and K are mc, mm, my and mk, with the 
25 formula (2) 

Ga = F (mc, mm, my, my) = G (Gc, Gm, Gy, Gk) (2) 



(1) 



30 



(First through third relation obtaining steps) 

A combination of the C, M, Y and K, which gives a smooth variation of 
glossiness, is obtained from the result given above, in the same manner as the first 
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exemplary embodiment of this invention. 

(A coloring material combination determining step) 

Ranges of color reproduction are determined for the color printer 3. 
Reference table values to be used in the reference table interpolation 

technique shown in Fig. 16 are obtained from a combination of these ranges of 

color reproduction, and they are used for the process of color correction. 

As described, the present exemplary embodiment makes it possible to obtain 

glossiness of mixed colors only by obtaining glossiness of mono-color toners, 

since it comprises: 

a) the glossiness obtaining step for obtaining glossiness of the mono- 
color output produced individually for each of the coloring materials; 

b) the glossiness estimation step for estimating glossiness by using 
the glossiness obtained for each of the coloring material, for the cases 
where two or more coloring materials are mixed; 

c) the firs relation obtaining step for obtaining a relation between 
amount of the coloring material used for the mono-color output and the 
glossiness; 

d) the second relation obtaining step for obtaining a relation between 
total amount of the coloring materials used for the mixed-color output and 
the glossiness; 

e) the third relation obtaining step for obtaining a relation between a 
mixing ratio of the coloring materials used for the mixed-color output and 
the glossiness; and 

f) the coloring material combination determining step for 
determining combination of the coloring materials with respect to 
variation of glossiness based on the relations obtained in the first through 
the third relation obtaining steps. 

Accordingly, there can be obtained readily the relations between glossiness 
and the toners. 
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(Third Exemplary Embodiment) 

A third exemplary embodiment of this invention is to make color correction 
by determining a rate of removing under color used in a four-color printer, based 
5 on results obtained for total amount of toners, and relation between mixing ratio 
and glossiness of each of the Y and K toners in the first exemplary 

embodiment and the second exemplary embodiment of this invention. In other 
words, up to a coloring material combination determining step from a glossiness 
obtaining step are identical to those of the second exemplary embodiment. 

10 Fig. 11 is a block diagram showing a color correction processor unit of the 

third exemplary embodiment of this invention. In Fig. 11, density converter 
circuits 33, 34 and 35 convert R, G and B signals into RGB density signals Dr, Dg 
and Db. A color correction processor circuit 36 performs a process of converting 
them into C, M, and Y densities after execution of a printer color correction 

15 process. An under color removal circuit 37 generates a K signal, so as to obtain 
CMYK densities. A gradation modulator circuit 38 modulates gradation. 

(A black mixing amount determination step) 

Fig. 12 is a conceptual diagram showing concept of an removal process of 

20 under color. In Fig. 12, an axis 39 represents density, a bar graph 40 indicates a 
density of C, a bar graph 41 a density of M, a bar graph 42 a density of Y, and a 
bar graph 43 a density of K. A certain portion of each density of C, M, and Y 
that generally equals to several percents (a UCR ratio) of the M density 41 having 
the lowest density level among the densities C, M and Y, is substituted by K 

25 density to generate the K density. Portions 44 with hatching in the individual bar 
graphs indicate the C, M, Y and K densities after removal of under colors. White 
portions 45 of the individual bar graphs represent removed portions as the under 
colors. In this exemplary embodiment, the combination of C, M, Y and K 
obtained in the first exemplary embodiment and the second exemplary 

30 embodiment is used as means of determining the UCR ratio. 
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Fig. 13 is a relational chart showing a relation of the UCR ratio with respect 
to the lowest density. An axis 46 represents the UCR ratio, and an axle 47 
represents the lowest density. A characteristic curve 48 gives the UCR ratio to 
the lowest density. Use of the UCR ratio given by the characteristic curve 48 
smoothes variation in glossiness, thereby providing a color image of excellent 
look. 

As has been described, the present exemplary embodiment makes possible the 
correction of glossiness with an adjustment of only black toner, since it comprises: 

a) a glossiness obtaining step for obtaining glossiness of mono-color 
output produced with the coloring materials individually; 

b) a glossiness estimation step for estimating glossiness by using the 
glossiness obtained for each of the coloring materials for the cases where 
two or more coloring materials are mixed; 

c) a first relation obtaining step for obtaining a relation between 
amount of the coloring material used for the mono-color output and the 
glossiness; 

d) a second relation obtaining step for obtaining a relation between 
total amount of the coloring materials used for the mixed-color output and 
the glossiness; 

e) a third relation obtaining step for obtaining a relation between 
mixing ratio of the coloring materials used for the mixed-color output and 
the glossiness; 

f) a coloring material combination determining step for determining 
combination of the coloring materials with respect to variation of 
glossiness based on the relations obtained in the first through the third 
relation obtaining steps; and 

g) the black mixing amount determination step for determining a 
mixing amount of the black toner according to the determined 
combination. 

As described above, the method of color correction of this invention provides 
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an advantageous effect of achieving a color image output of excellent look by 
taking into account an effect of glossiness of the coloring materials, and reducing a 
difference in the glossiness of the reproduced image, since it is able to perform 
color corrections with consideration given on glossiness of the coloring materials. 
5 Moreover, it provides another advantageous effect of readily obtaining a 

relation of glossiness with respect to the toner, since it is able to obtain glossiness 
of mixed colors by obtaining glossiness of only the toner of mono-color. 

Furthermore, it provides still another advantageous effect of realizing 
correction of glossiness only by adjusting the black. 

10 

(Fourth Exemplary Embodiment) 

A three-dimensional RGB density space 54, i.e. a cube representing a 
coverage of an entire color space input from a computer 2, is divided into smaller 
cubes 56, as shown in Fig. 16. CMYK data corresponding to RGB density 

15 values at individual vertexes of the cubes 56 are then saved in a reference table. 

In connection with one cube 56, which is comprised of a divided portion of 
the three-dimensional RGB density space 54 and contains a coordinate point 55 
representing input RGB density signals located in the three-dimensional RGB 
density space 54, CMYK signals to be output corresponding to the input RGB 

20 density signals are obtained from values in the CMYK output reference table for 
the eight vertexes of the cube 56, and weights given by individual distances 
between the eight vertexes of the cube 56 and the coordinate point 55. Vertexes 
of individual cubes, as the three-dimensional RGB density space 54 is divided into 
individual cubes, may be referred to as lattice points in the following text. 

25 Referring now to Fig. 14, a process of operation according to a method of 

color correction of this exemplary embodiment will be described next. 
(Step 1) 

In a flow chart shown in Fig. 14 for preparation of the reference table, RGB 
density values, i.e. coordinates values of the lattice points, dri, dgj and dbk are 
30 obtained first. 
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(Step 2) 

Next, CMYK values Clijk, Mlijk, Ylijk and Klijk^ which reproduce colors 
that most accurately match with colors of the RGB density values dri, dgj and dbk, 
are obtained. 
5 (Step 3) 

Then, a sum total SUM of the CMYK values Clijk, Mlijk, Ylijk and Klijk 
derived in the step 2 is obtained. 
(Step 4) 

The sum total SUM obtained in the step 3 is compared with a value of 
10 threshold T. 
(Step 5) 

If the threshold T is smaller than the sum total SUM, a standardization 
process is performed in a manner that the sum total SUM of the CMYK values 
becomes equal to the threshold T. 
15 Or, if the threshold T is greater than the sum total SUM, the process is 

advanced to a step 6 to be described later. 

In this step 5, formulae used to standardize the CMYK values are shown 
below. 

Cijk=:(Clijk/SUM)xT 
20 Mijk = (Mlijk / SUM) x T 

Yijk = (Ylijk / SUM) X T 
Kijk = (Klijk/ SUM) xT 



(3) 



(Step 6) 

25 Next, reference table values are established by taking the CMYK values Clijk, 

Mlijk, Ylijk and Klijk obtained either in the step 3 if the threshold T is greater 
than the sum total SUM^ or in the step 5 if the threshold T is smaller than the sum 
total SUM, respectively. 
(Step 7) 

30 When the reference table values are obtained^ a judgement is made as to 
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whether further calculations are required for other reference table values, or if they 
are final lattice points. 

The process returns to the step 1 if the other reference table values are found 
in the step 7 as to be calculated, or, the process ends if calculation of the reference 
table values is completed. 

According to the present exemplary embodiment as described, a difference in 
glossiness of an output image can be reduced between areas of single color only of 
the K toner and other colors, since total amount of the coloring materials to be 
output is adjusted, thereby making possible to obtain a color image output of high 
picture quality. 

In the step 5 of Fig. 14, although the standardization is performed without 
changing a mixing ratio of the C, M, Y and K, the standardization may be made by 
decreasing amounts of the toners C, M and Y, while maintaining an amount of the 
toner K unchanged. 

Formulae to be used for the standardization in such instance are shown 
hereinafter. 

If Klijk > T, then 

Cijk = 0 ^ 

Mijk = 0 

Yijk = 0 

Kijk = T 



or, if Klijk < T, then 

Cijk = (Clijk / (SUM - Klijk)) X (T - KlIJK)"^ 
Mijk = (Mlijk / (SUM - Klijk)) x (T - KlIJK) 
Yijk = (Ylijk / (SUM - Klijk)) X (T - KlIJK) 
Kijk = KlIJK 



(4) 



(5) 



Color images of high picture quality can be obtained with the process using 
these formulae, since it smoothes a variation of glossiness because the reduction in 
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amount of the toners of C, M and Y having large glossiness suppresses a tone of 
color in a monochromic dark portion. 

In addition, glossiness can also be adjusted in these instances by adopting a 
different value of the threshold T, which is used in the step 4 in Fig. 14, in the 
RGB density space. 

That is, a distance "d" between the RGB density values dri, dgj and dbk input 
in the step 1 of Fig. 14, and black RGB density values drK, dgK and dbK, in the 
three-dimensional RGB density space is calculated with the following formula, 
d = ((dri - drk)2 + (dgi - dgk)2 + (dbi - dbk)2)i/2 — (6) 

Subsequently, a threshold T is obtained using the distance "d" obtained from 
the above formula in conjunction with a function "f ' of the distance "d", shown in 
the following formula. 

T = f(d) (7) 

Color image outputs of good picture quality with smooth variation of 
glossiness can be realized by obtaining the threshold T in the described manner, 
since the threshold T is defined by the function having smooth variation in total 
amount of the coloring materials from the black (drK, dgK, dbK). 

Industrial Applicability 

As described above, the present invention provides an advantageous effect of 
realizing a reduction of difference in glossiness of an output image, since a total 
amount of coloring materials to be output is controlled. 

This can give a successful effect of obtaining a color output image of high 
picture quality. 
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CLAIMS 

1. A method of color correction for an image-outputting device for 
outputting an image using a combination of a plurality of coloring materials each 
having different constituent material, said method of color correction for an 
image-outputting device comprising: 

a) a first glossiness obtaining step for obtaining glossiness of a mono- 
color output produced individually with each said coloring material; 

b) a second glossiness obtaining step for obtaining glossiness of a 
mixed-color output produced by combining two or more of said 
coloring materials; 

c) a first relation obtaining step for obtaining a relation between 
amount of said coloring material used for said mono-color output 
and the glossiness; 

d) a second relation obtaining step for obtaining a relation between a 
total amount of said coloring materials used for said mixed-color 
output and the glossiness; 

e) a third relation obtaining step for obtaining a relation between a 
mixing ratio of said coloring materials used for said mixed-color 
output and the glossiness; and 

f) a coloring material combination determining step for determining a 
combination of said coloring materials with respect to variation of 
glossiness based on the relations obtained in said first through third 
relation obtaining steps. 

2. A method of color correction for an image-outputting device for 
outputting an image using a combination of a plurality of coloring materials each 
having different constituent material, said method of color correction for an 
image-outputting device comprising: 

a) a glossiness obtaining step for obtaining glossiness of a mono-color 
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output produced individually with each said coloring material; 

b) a glossiness estimation step for estimating glossiness, for a case 
where two or more of said coloring materials are mixed, by using the 
glossiness obtained for each of said coloring materials; 

c) a first relation obtaining step for obtaining a relation between 
amount of said coloring material used for said mono-color output 
and the glossiness; 

d) a second relation obtaining step for obtaining a relation between a 
total amount of said coloring materials used for said mixed-color 
output and the glossiness; 

e) a third relation obtaining step for obtaining a relation between a 
mixing ratio of said coloring materials used for said mixed-color 
output and the glossiness; and 

f) a coloring material combination determining step for determining a 
combination of said coloring materials with respect to variation of 
glossiness based on the relations obtained in said first through third 
relation obtaining steps. 

3. A method of color correction for an image-outputting device for 
outputting an image using a combination of four primary printing colors of cyan, 
magenta, yellow and black, said method of color correction for an image- 
outputting device comprising: 

a) a glossiness obtaining step for obtaining glossiness of a mono-color 
output produced individually with said coloring materials; 

b) a glossiness estimation step for estimating glossiness, for a case 
where two or more of said coloring materials are mixed, by using the 
glossiness obtained for each of said coloring materials; 

c) a first relation obtaining step for obtaining a relation between 
amount of said coloring material used for said mono-color output 
and the glossiness; 
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d) a second relation obtaining step for obtaining a relation between a 
total amount of said coloring materials used for said mixed-color 
output and the glossiness; 

e) a third relation obtaining step for obtaining a relation between a 
5 mixing ratio of said coloring materials used for said mixed-color 

output and the glossiness; 

f) a coloring material combination determining step for determining a 
combination of said coloring materials with respect to variation of 
glossiness based on the relations obtained in said first through third 

10 relation obtaining steps; and 

g) a black mixing amount determination step for determining a mixing 
amount of black according to said determined combination. 



4. A method of color correction used in outputting a color image on a 
15 recording paper by superposing a plurality of coloring materials, said method of 
color correction being characterized by controlling a total amount of said coloring 
materials, and comprising the steps of: 

obtaining individual amounts of said coloring materials composing 
the color image; 

20 obtaining the total amount of said coloring materials from the 

individual amounts of said coloring materials; 

adjusting the total amount of said coloring materials into a match 
with a threshold and adopting the threshold as a reference table value, if 
the threshold is smaller than the total amount of said coloring materials; 

25 and 

adopting the total amount of said coloring materials as it is, as a 
reference table value, if the threshold is greater than the total amount of 
said coloring materials. 



30 



5. The method of color correction according to claim 4, wherein the 
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total amount is controlled by adjusting amounts of coloring materials other than a 
coloring material of black color, in a case where one of said plurality of coloring 
materials is black. 



6. The method of color correction according to claim 4 further 
comprising the steps of: 

obtaining a distance between a coordinate point of an input color and 
another coordinate point of black color in a color space of input color 
signal; 

obtaining a threshold from the obtained distance; and 
controlling the total amount of said coloring materials using the 
threshold. 
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ABSTRACT 

A color correcting method of an image-outputting device for outputting 
an image by combining a plurality of different types of coloring materials, 
comprising a first glossiness acquiring step of acquiring the glossiness of a 
monochromatic output of each coloring material, a second glossiness acquiring 
step of acquiring the glossiness of a mixed color output of a combination of two or 
more combined coloring materials, a first relation acquiring step of determining a 
relation between the amount of the coloring material used in the monochromatic 
output and the glossiness, a second relation acquiring step of determining a 
relation between the total amount of the coloring materials used in the mixed color 
output and the glossiness, a third relation acquiring step of determining a relation 
between the mixing ratio of the coloring materials used in the mixed color output 
and the glossiness, and a coloring material determining step of determining the 
combination of the coloring material depending on the glossiness change on the 
basis of the relations acquired at the first to third relation acquiring steps. 
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Fig. 14 
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Fig. 15 
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REFERENCE NUMERALS 

1. Color display 

2. CompLiter 

3. Color printer 
5 4. Color patch 

5.6.11.12.13.25.26.28.29. Axis 

7. 8. 10. 14. 15. 16. 17. 21. 30. Coordinate point 
9,20. isometric line of total amount of toner 

18. Origin of coordinates 
10 19. Line segment 

22. Ught source 

23. Measuring plane 

24. Light receptor 

27, 31 , 32. Characteristic curve 
15 33, 34, 35. [)ensity converter cincuit 

36. Color coirection processor circuit 

37. Under color eliminator dncuit 

38. Gradation modulator circuit 
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on March 28, 2000 



and was amended under PCT Article 19 on 



(if applicable). 



(if applicable). 



I leteby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by any amendment 
r^f|red to above. 

I ac|nowledge the duty to disclose infomiation which is known to me to be material to patentability in accordance with Title 37, Code of Federal Regulations, 

§1-56. 

1 tjipby claim foreign priority benefits under Title 35, United States Code, §1 19(a)-(d) or Section 365(b) of any foreign and/or intemational application(s) for 
p^^nt or inventor's certificate or Section 365(a) of any PCT international appiication(s) designating at least one country other than the United States of 
A^ilrica listed below and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT international application(s) 
d^llpnating at least one country other than the United States of America filed by me on the same subject matter having a filing date before that of the 
af|pfication(s) of which priority is claimed: 



PRIOR FOREIGN/PCT APPLICATION(S) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. 119: 



COUNTRY 
(If PCT, indicate "PCT') 



APPLICATION NUMBER 



DATE OF FILING 
(day, month, year) 



PRIORITY CLAIMED 
UNDER 35 use 119 



JAPAN 



11/88761 



March 30, 1999 



ElYes □ No 



JAPAN 



11/156143 



June 3, 1999 



HYes □ No 



1 hereby claim the benefit under 35 USC §1 1 9(e) of any United States provisional application(s) listed below. 
PRIOR PROVISIONAL APPLICATION(S): 



Application Number 



Filing Date 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s), or §355(c) of any PCT international application(s) 
desigj^iating the United States of America that Is/are listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in 
that/those prior appiication(s) in the manner provided by the first paragraph of Title 35, United States Code, §1 12, 1 acknowledge the duty to disclose infonnation 
which is material to patentability as defined in Title 37, Code of Federal Regulations, §1 .56 which occurred between the filing date of the prior application(s) and 
the national or PCT international filing date of this application, 

PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATI NG THE U.S. FOR BENEFIT UNDER 35 U.S.C. 120: 

U.S. APPLICATIONS 



STATUS (Check One) 



U.S. Application Number 



U.S. Filing Date 



Patented 



Pending 



Abandoned 



PCT APPLICATIONS DESIGNATING THE U.S. 



PCT Application No. 



PCT Filing Date 



U.S. Serial Numbers 
Assigned (if any) 



PCT/JPOO/01887 



March 28, 2000 



POWER OF ATTORNEY: As named inventor, i hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and transact ail business in 
the Patent and Trademark Office connected therewith: Stephen A. Becker, Reg. No. 26,527, John G. Bisbikis, Reg. No_:iZ.295, Christopher D. Bright, Reg. 
'^0. 46.578; Daniel Bucca, Reg. N o^.42,368;^ Kenneth L. Cage, Reg. Nsi.,26J51, Jennifer Chen, Reg N&,.42404; BemiH P. Codd, Reg. No>.4k429; 
Thomas A. Corrado, Reg. No. 42.43j ^ Lawrence T. Cuilen, Reg. No. 44^ 89: Faul Devinsky, Reg. No_2S*553; Margaret M. Duncan, Reg. N 0 ^30,879 
RamyarM. Farid, Reg, N o. 46.692: Brian E. Ferguson, Reg. 1^,^6,801, Michael E. Fogarty, Reg. Na._36J39; John R. Fuisz, Reg. No. 37,327; Willem F' 
Gadiano. Reg. No. 37.13 6: Keith E. George, Reg. No. 34,11 1; IVlSthewV. Grumbling, Reg, No. 44,42 7; John A. Hankins, Reg. jsl2..32^029^7oseph Hyosuk 
Kim, Reg. No,_41425;_ Eric J. Kraus, Reg. N o. 36.190; CITherlne Krupka, Reg. N n 4fi ,?27, Jack 0. Lever, Reg. No ^28. 1 49r Raphaenr. Lupo, Reg. No. 
2§^; Michael A. Messina, Reg. Usl33^\ Dawn L. Palmer, Reg. N£l£L238; Joseph H. Paquin, Jr., Reg. No. 31,647; Scott D, Paul, Reg. No._42^; 



William D. Pegg, Reg. Nq_42*^; Robert L. Price, Reg, Nq..22^; Thomas D. Robbins, Reg. Na.42Lfi69; Gene Z. Rubinson, Reg. No..^,2§l; Joy Ann 
G,Jerauskas, Reg. Na-27^2; ""Daniel H, Sherr, Reg. Eio- 4^425; David A. Spenard, Reg. Islo.-3Z449; Arthur J. Steiner, Reg. NpL.-2fiJ06; David L 
Siy^art. Reg, Na.^1,578; Wesley Strickland, Reg. NraLJ4.363; Michael D. Switzer, Reg. No . 39.552 . '\eonid D. Thenor, Reg. No.._29^; Daniel S. 
Tr^or, Reg. No. 43,959 : Cameron K. Weiffenbach, Re g. No. 44 4 88; Aaron Weisstuch, Reg. No. 41,557 ^ Edward J. Wise, Reg N o_34,523: Alexander V 
Ygmpolsky, Reg. No. 36.324; and Robert W. Zelnick, Reg." No. 36;^6 . all of McDermott. Will & Emery. 



Sf aid Correspondence to: 

\ McDERMOTT, WILL & EMERY 
600 13^' Street, N.W. 
^^l Washington, D.C. 20005-3096 
"TuITName of Inventor 



Direct Telephone Calls to: 
(name and telephone number) 

(202) 756-8000 



Family Name 
HIMOTO 



First Given Name 
Etsuko 



Second Given Name 



2Qfi 



Residence and Citizenship 



City 

Fukuoka 



State or ForeignjQpuntry 

Japan 



Country of Citizenship 

Japan 



Post Office Address 



Post Office Address 

2-29-15-704, Ohashi, Minami-ku, 
Fukuoka-shi 



City 

Fukuoka 



State & Zip Code/Country 



815-0033 Japan 



Oh 

202 



Full Name of Inventor 



Family Name 

HIRATSUKA 



First Given Name 

Seiichiro 



Second Given Name 



Residence and Citizenship 



City 

Fukuoka 



State or Foreign Country 

Japan ^ 



Country of Citizenship 



Japan 



Post Office Address 



Post Office Address 

10-50-1008, Otemachi, Kokurakita-ku, 
Kitakyusyu-shi 



City 

Fukuoka 



State & Zip Code/Country 
803-0814 Japan 



Full Name of Inventor 



Family Name 



First Given Name 



Second Given Name 



203 



Residence and Citizenship 



City 



State or Foreign Country 



Country of Citizenship 



Post Office Address 



Post Office Address 



City 



State & Zip Code/Country 



I hereby declare that all statement made herein of my own knowledge are true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under section 1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the application or any patent issuing 
thereon. 



Signature of Inventor 201: 


Signature of Inventor 202: 


Signature of Inventor 203: 


^^^^ February 1, 2001 


Date 

February 1, 2001 


Date 



